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ABSTRACT
Consumption of ready-to-eat (RTE) vegetables is quick, easy and healthy, especially 
when eaten without cooking. However, they might be a source of foodborne pathogenic 
microorganisms. The objective of this study was to evaluate the microbiological and 
parasitological contamination of fresh RTE vegetables produced in agroindustries in the 
Federal District of Brazil (FD), and to correlate contamination with good manufacturing 
practices (GMP). One hundred and three samples of RTE vegetables were collected from 
six agroindustries for microbiology and parasitology analyses and correlate with GMP; 54 
samples were collected from three hypermarkets for parasitological evaluation. None of the 
samples analyzed were positive for Salmonella sp. and for thermotolerant coliforms, but 
they were contaminated with total coliforms. All analyzed samples were contaminated with 
at least one species of enteroparasistes or commensals, which were identified as Ascaris sp., 
Balantidium coli, Entamoeba histolytica/dispar, Hookworm, Strongyloides sp., Trichuris sp., 
Entamoeba sp., eggs and larvae of Nematoda, insects and fungi. Agroindustries that adopted 
GMP showed less contamination with helminths. RTE vegetables sold in hypermarkets of 
the FD are unfit for human consumption. It is important to guide farmers in the FD on the 
need to adopt good practices in the production and processing of vegetables to reduce the 
microbial contamination. 
KEYWORDS: Enteric pathogens. Thermotolerant coliforms. Salmonella sp. Ready-to-eat 
vegetables. Good manufacture practices.
INTRODUCTION
The consumption of vegetables is recommended by nutritionists and physicians 
to obtain a healthy diet due to the nutrients present as vitamins, minerals, and 
dietary fibers. Considering the nutritional appeal and to attend a growing demand 
for products ready-to-eat (RTE) companies have specialized in fresh minimally 
processing vegetables. However, contamination of these plants by bacteria 
and enteroparasites (protozoa and helminths) is a major public health problem 
worldwide1-6. Some infectious agents may cause morbidity in infected individuals 
and, in some cases, they may lead to death7.
The various steps during the processing of RTE vegetables allow contamination 
throughout the food chain production, such as planting, harvesting, processing, 
distribution, and even during consumption. All stages of processing are essential 
to ensure the quality of the final product, especially considering that once 
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contaminated during its cultivation, biofilm formation and/
or internalization of the microorganism may compromise 
the quality of the final product8-13.
Cases of foodborne diseases (FBD) related to fresh 
food consumption rise worldwide. Thus, to mitigate the 
risk of FBD and ensure safety food for consumers of RTE 
vegetables, it is important that good practices are adopted 
in all stages of production, prioritizing procedures based 
on Hazard Analysis Critical Control Point (HACCP) 
principles and good hygiene practice, which include Good 
Agricultural Practices (GAP) and Good Manufacture 
Practices (GMP)14,15.
To adequate GMP procedures for Brazilian legislation, 
it is necessary to quantify the presence of indicator 
microorganisms in the various stages of the process. The 
standards usually established and accepted in Brazil and 
worldwide for some microorganisms such as Salmonella 
sp., responsible for many outbreaks of FBD involving the 
consumption of RTE vegetables, is absent in 25 g of the 
product. However, other bacteria such as thermotolerant 
coliforms suggest possible fecal and/or environmental 
contamination. Thus, the results of microbiological tests 
carried out can reveal possible flaws in the process and 
serve as a basis for the elaboration of public strategies to 
reduce the risk of contamination16,17.
In addition, the presence of parasites also indicates flaws 
in product hygiene and is characterized as a serious public 
health problem worldwide. In this sense, several studies 
have shown a high frequency of protozoa and helminths of 
medical interest in leafy vegetables sold in supermarkets 
and public fairs18-28. The main enteroparasites that can be 
transmitted to humans through ingestion of vegetables 
are: Cryptosporidium sp., Giardia lamblia, Entamoeba 
histolytica/dispar, Ascaris lumbricoides, Ancylostomidae, 
Strongyloides stercoralis, Trichuris sp., Taenia sp.24,27,29-32.
All the described situations demonstrate that 
interventions are necessary to reduce the risk of disease 
transmission through consumption of fresh RTE vegetables. 
In this context, complying with the General Principles of 
Food Hygiene and the Code of Hygienic Practices for Fresh 
Fruits and Vegetables (CAC/RCP 53-2003) which guide the 
implementation of GAPs and GMPs is essential.
Although there are many studies evaluating RTE 
vegetable contamination, only a few have related the 
contamination with GMP in Brazil33, especially in the 
Midwest region. The objective of this study was to evaluate 
the contamination of fresh RTE vegetables produced and/
or processed in agroindustries in the surroundings of the 
Federal District of Brazil (FD) by intestinal parasites 
(helminths and protozoa) and bacteria and to correlate the 
findings with GMP.
MATERIALS AND METHODS
Collection of samples
The FD is the smallest Brazilian federal unit, located 
in the Midwest region of Brazil. It is divided into 31 
administrative sectors, totaling an area of 5779,999 km2. 
Among the various activities carried out in the rural areas 
of the administrative sectors , the production of vegetables 
stands out.
The agroindustry producers of fresh RTE vegetables 
included in this study were selected using registration 
data from the Technical Assistance and Rural Extension 
Company (EMATER). Samples were collected from six (A, 
B, C, D, E and F) out of the 10 largest agroindustries, and 
purchased from three hypermarkets (I, II, and III).
The types of vegetables analyzed were: American 
Lettuce (AL), Watercress (W), Curly Lettuce (CL), 
Smooth Lettuce (SL), Red Lettuce (AR), Basil (B), 
Coriander (CO), Spring Onion (SO), Parsley (P), Arugula 
(AR), Alfalfa sprout (AS), Kale (K), Bean sprout (BS), 
Spinach (S), Mint (MT) and Mixed leafy (ML). The 
samples were obtained according to their availabilities in 
agroindustries and supermarkets.
According to the statistical sampling plan used by 
ANVISA34, five sample units of each vegetable produced 
in the agroindustry were collected, with 200 g per sample 
unit. The samples were stored in the original packaging and 
transported in refrigerated boxes to the laboratory.
Parasitological analysis
The collected vegetables samples were sent to the 
Laboratory of Medical Parasitology and Vector Biology, 
Pathology Area, Faculty of Medicine, University of Brasilia 
(UnB). They were weighed and placed in a refrigerator 
at 4 °C until processing. Samples (75 g) were submitted 
to microbiological analyzes in triplicate and 125 g were 
used in parasitological examinations for enteroparasites, 
arthropods and fungi, following standardized techniques 
described in the literature28.
Samples were considered positive when eggs or larvae 
of helminth parasites, or protozoan cysts (pathogenic 
or commensal) were detected. The identification was 
performed considering their morphological characteristics, 
as described in the literature. From each sample, 7 mL of 
the sediment was analyzed using the depletion process28.
 For the arthropods, specimens were examined to ensure 
their integrity or fragmentation, following the instructions 
described in Ordinance Nº 20, September 2009 (Official 
Gazette of the Federal District, 2009), being considered 
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acceptable for consumption when there were only fragments 
of arthropods up to 15 units per plant, and regarding whole 
arthropods, up to five insects. For fungi, examinations 
determined if they were present in samples.
The degree of contamination of RTE vegetables was 
expressed by the number of specimens found on the 
slides as follows: + indicates that among the test slides, 
up to 5 specimens of helminths and protozoa were found; 
++ indicates up to 10 specimens; +++ indicates up to 15 
specimens; and ++++ indicate more than 15 specimens28.
Microbiological analysis
Samples (25 g) were transferred to sterile plastic 
bags and mixed with 225 mL of 0.1% peptone water in 
a Stomacher 400 Lab-blender for 1 min. Serial dilutions 
were prepared in 0.1% peptone water28. Total coliforms and 
thermotolerant coliforms were enumerated using the most 
probable number (MPN) method of the American Public 
Health Association33, and the results were expressed as 
MPN/g. For detection of Salmonella sp., the 3M Petrifilm 
Salmonella was used28. All the samples were analyzed in 
triplicate.
Identification of critical process points during the 
production of RTE vegetables
The list used to verify the GMP of industries followed 
instructions described in the Brazilian legislation35. 
This list, based on principles presented by the Codex 
Alimentarius, is composed of 164 items, divided into five 
blocks: 1) Edification and facilities; 2) Equipment, furniture 
and utensils; 3) Manipulators; 4) Food production and 
transportation; 5) Documentation.
The items were evaluated and classified as adequate, not 
suitable or not applicable, according to observations made 
in loco. According to the legislation and results found, the 
establishments were classified into three groups: 1) 76 to 
100% attendance of items (satisfactory); 2) 51 to 75% 
attendance of the items (satisfactory with restriction); 3) 0 to 
50% attendance of the items (unsatisfactory).
Statistical analysis
The Kruskal-Wallis test was used to determine 
significant differences (p<0.05) among microbial counts 
in vegetables samples of the six agroindustries and three 
hypermarkets, using the Statistical Package for Science – 
SPSS®, version 17.0 (IBM Corporation, New York, NY).
RESULTS
A total of 103 sample units of fresh leafy vegetables 
from the six agroindustries were evaluated (Table 1). Fifty-
four samples collected from three hypermarkets showed the 
similar contamination values (Tables 2 and 3). Sample units 
of vegetables (Figure 1) were submitted to microbiological 
assays in triplicate.
According to the microbiological tests carried out, 
vegetables did not present Salmonella sp. and no 
thermotolerant coliforms were observed above 102 MPN/g 
(Table 4), levels considered inappropriate for consumption 
according to the Brazilian legislation. However, the 
presence of total coliforms ranged from 0.3 x 101 to 
1.1 x 103 MPN/g, and 11.6% (n = 12) of the samples had a 
higher count (> 1.1 x 103 MPN/g).
Regarding GMP adopted by agroindustries, data 
collected are in Table 1, which shows the adequacy 
percentages for each block analyzed, as well as the 
percentage of adequacy of the total items for each industry.
Statistical analyzes showed that there was a significant 
difference between the number of total coliforms of leafy 
Table 1 - Percentage of evaluation of items of adequacy in relation to GMP in agroindustries of the Federal District, as well as 
classification according to groups defined by Brazilian legislation16.
Agroindustry
Buildings  
and facilities 
(%)
Equipment, 
furniture and 
utensils (%)
Food 
handlers 
(%)
Production and 
transport of 
food (%)
Documents 
(%) Total (%) Group
A 58.1 100.0 100.0 92.3 76.5 75.9 2
B 81.8 93.8 100.0 88.9 71.4 86.3 1
C 65.2 61.9 50.0 80.0 0.0 61.5 2
D 76.0 85.7 64.3 73.3 64.7 74.5 2
E 63.6 52.4 42.9 59.3 0 45.3 3
F 84.5 100,0 100.0 96.0 100.0 91.8 1
Total 71.6 81.0 75.0 81.3 59.5 - -
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samples from the six establishments (Kruskal Wallis H 
(5.103) = 18.66628 p < 0.001). The highest number of 
coliforms was observed in RTE vegetables of establishment 
E (median = 1.1 x 103 MPN/g) which presented the lowest 
percentage of adequacy in relation to good practices 
(54.7%). On the other hand, establishment F presented 
91.8% adequacy and median number of coliforms was 
1.9 x 101 MPN/g. Figure 2 shows the percentage of 
inadequacies regarding the adoption of GMP in the analyzed 
agroindustries.
Table 2 - Species of enteroparasites: helminths or protozoa (pathogenic or commensal) diagnosed in samples of minimally processed 
leafy vegetables in the Federal District of Brazil by agroindustries.
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A
AL ++ - ++ ++ +++ + -
CL + - + + ++ - -
SL + + - - + - -
CO + - - + - - -
B + - + + - - -
ML ++ - + + - - -
B
AL - - - ++ - + -
CL ++ - - +++ + - -
RL - - - ++++ + - -
CO +++ + - ++ - - -
S ++ - - ++ - + -
MT ++ - + +++ - - -
C
AL - - - - - - -
CL - - - + - - -
RL ++ - - - + - -
W + + - + - + +
CO - - - ++ - + -
B - - - +++ ++ + -
AR - - - - - - ++
D
AL ++ - - + - - -
AR + - - - - - -
CO - - - - - - -
AS - - - - - - -
E
B ++ - - - - - -
BS + - - - - - -
F
AL ++ - - ++ - - -
RL + - + - - -
SO - - - + + - -
CO ++ + - - - - -
B +++ - - - - + -
AS - - - ++ - - -
*American Lettuce (AL), Arugula (AR), Alfalfa sprout (AS), Basil (B), Bean sprout (BS), Coriander (CO), Curly Lettuce (CL), Mint (MT), 
Mixed leafy (ML), Red Lettuce (RL), Spinach (S), Smooth Lettuce (SL), Spring Onion (SO), Watercress (W). B. coli = Balantidium coli.
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agroindustries and supermarkets were highly contaminated 
by enteroparasites that are potentially infective to humans 
such as protozoa: E. histolytica/dispar and Balantidium coli, 
and the helminth Hookworms, Ascaris sp., Strongyloides 
sp., Trichuris sp. and many other organisms, such as 
unidentified nematodes, eggs and larvae.
In almost all  positive samples to protozoan 
enteroparasites belonging to the genus Entamoeba 
(Table 2 and Table 3), the commensal Entamoeba coli 
was present in 84 samples obtained in agroindustries, and 
in 12 samples acquired in hypermarkets. Other species 
of Entamoeba sp. were present in the samples, but they 
were not further identified. Insects, whole mites or parts of 
them and fungi were positive in the 103 samples analyzed 
(data not shown). 
DISCUSSION
In 2018, the Plant and Animal Products Inspection 
Table 3 - Species of enteroparasites: helminths or protozoa (pathogenic or commensal) diagnosed in RTE leafy vegetables obtained 
from hypermarkets of Brasília, Federal District, Brazil.
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CL - - - - - + - -
SL - - - ++ - - - -
RL ++ - - - - - - -
CO ++ + - - - - - -
SO + - - ++ - - - -
B ++ + - - + - - -
AR + - + - - - - -
II
AL + - - - - - - -
CL - - - - - - + +
SL ++ + ++ + - - - -
SO - - - - - - - -
CO - + - - + - - -
S ++ - - ++ - - - -
AR ++ + - - - - - -
III
CL ++ - - + - - - -
SL + - - + - - - -
RL - + - ++ - - - -
S + - - - - - - -
*American Lettuce (AL), Arugula (AR), Basil (B), Coriander (CO), Curly Lettuce (CL), Red Lettuce (RL), Smooth Lettuce (SL), 
Spinach (S), Spring Onion (SO).
Figure 1 - Distribution of fresh vegetable leafy used to prepare 
RTE vegetables in agroindustries of Brasilia, Federal District, 
Brazil.
Regarding the total number of samples obtained in 
agroindustries (Table 2), 90.3% were positive for at least 
one type of enteroparasite, while 94.4% were positive 
for the samples purchased in hypermarkets (Table 3). 
The minimally processed vegetables obtained in the 
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Board (DIPOVA) which is the organization responsible 
for registering products of plant origin, reported that 
there were ten active agroindustries in the Federal 
District producing fresh leafy vegetables read-to-eat. In 
2017, the production was 174,848.76 kg. The adoption 
of GMP is recognized as the most effective way to 
avoid contamination of food during its production. The 
procedures adopted in agroindustries can help eliminating 
or reducing the presence of microorganisms to acceptable 
levels and ensure that the consumption of RTE vegetables 
does not result in the risk of an outbreak of FBD, as well 
as the increase in shelf life35,36.
The presence of Salmonella sp. is not usually detected 
in RTE vegetables, as revealed by several studies37. The 
results show that there is concern about adopting GMPs 
by the agroindustries studied, but still in an incipient 
way. The high percentage (81.0 and 81.3%, respectively) 
of adequacy for the “Production and Transport of Food” 
blocks and “Equipment, furniture and utensils” reveals that 
there were investments in crucial parts of the production 
chain that may have contributed to the bacteriological 
contamination levels of the analyzed samples, but are 
still insufficient.
In a study carried out in an agroindustry in Portugal, 
bacterial species capable of producing virulence-related 
molecules, as well as potentially biofilm-forming isolates 
were found in significant quantities in areas considered 
Critical Control Points (CCP) because they did not present 
a later stage capable of eliminating or reducing bacteria to 
safe levels38.
In this study, it was observed that the expected direct 
relationship between GMP and the presence of indicator 
microorganisms was sensitive to the presence of bacteria. 
The actions adopted by the agroindustries were able to 
reduce these microorganisms to safe levels. However, there 
is a greater fragility of this limit in relation to parasites. This 
fact can be explained by the higher ubiquity of the agents, 
as well as the use of more effective methods of elimination 
Table 4 - Percentage of samples according to levels of thermotolerant coliforms found (MPN/g)
Vegetables samples (n=103) Count of thermotolerant coliforms (MPN/g)
<3 3 3.6 7.4 9.2 15 43
Smooth lettuce (n=16) 100 - - - - - -
Red lettuce (n=20) 75 5 5 5 5 5 -
Curly lettuce (n=10) 100 - - - 5 - -
American lettuce (n=06) 100 - - - - - -
Arugula (n=10) 40 - 30 10 - 10 10
Kale (n=20) 95 - 5 - - - -
Spinach (n=10) 90 - 10 - - - -
Green herbs (basil, mint, chives) (n=11) 63.63 9.09 - 9.09 18.18 - -
TOTAL 83.49 1.94 5.82 2.91 2.91 1.94 0.97
Figure 2 - Relationship between the percentage of GMP inadequacy observed in Federal District agroindustries, and the presence 
of total coliforms (average values) in RTE vegetables.
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and/or reduction of bacteria, but with limitations in relation 
to parasites.
Santos and Biondi26 showed parasitic contamination in 
17 of the 206 samples (8.2%) of vegetables obtained from 
different establishments (restaurants, fairs and markets) in 
the FD. In this study, Trichuris sp., Strongyloides sp., Taenia 
sp., and Giardia sp. were detected in vegetables sold at 
fairs. In addition Entamoeba sp., E. coli, Strongyloides sp. 
Ascaris sp, Enterobius vermicularis and Ancylostomidae 
were detected in vegetables commercialized in markets 
from FD29. These authors recommended the monitoring of 
contamination of vegetables sold in establishments in the 
FD. Another study carried out in Brazil on the presence 
of enteroparasites and bacteria in vegetables marketed in 
different Public Supply Centers (CEASA) showed a high 
degree of contamination of products distributed in these 
places, by species of helminths, protozoa and also the 
presence of enterobacteria28.
It is estimated that there is a significant reduction 
in parasitic diseases worldwide. However, the regional 
and global impact of food-borne parasites remains high 
and worrisome, especially among vulnerable population 
groups. The parasitological results observed in the present 
study corroborate these data, since when considering 
the large Brazilian territorial dimension and the local 
differences, it is perceived that conditions favorable 
to the contamination of vegetables by parasites are 
perpetuated35,36.In addition, there is evidence that the 
different procedures required in the production of RTE 
vegetables facilitate cross contamination of large amounts 
of food, from a small portion of contaminated product. In 
this way, the existence of a production line without crosses, 
a production line with adequate structure, equipment, 
furniture and utensils that meet the specifications that 
help reducing contaminants (smooth surface, in adequate 
state of conservation)17,39, are essential to produce safe 
food. The concern with the transport should be persistent 
in the adopted GMP, ensuring that there is no risk to 
food after shipping. In case of building and facilities 
investments, financial resources are often not available, 
mainly considering the shifts, highlighting that these items 
presented a 71.6% adequacy percentage as described in 
the literature37.
The guarantee of standardized procedures through 
documentation presented a percentage of adequacy 
equivalent to 59.5%, demonstrating the fragility of 
procedures that can be altered by adverse circumstances. 
Failure to standardize procedures may result in cross 
contamination, sanitized products during cutting, packaging 
and washing. Thus, all stages of processing are essential 
to ensure the final product quality. However, all steps have 
CCPs, which must be monitored and controlled to allow the 
reduction of contaminant levels through the implantation 
of GMP.
CONCLUSIONS
The contamination level of the minimally processed 
vegetables was high in all the establishments: agroindustries 
and hypermarkets of FD, by enteroparasites: helminths and 
protozoa pathogenic or commensal, by whole arthropods 
and/or parts of them. The values were above permitted 
by Ordinance n° 20 (2009), thus unsatisfactory for 
consumption. Regarding thermoresistant coliforms, it was 
observed that 11.6% were unfit for consumption, according 
to RDC 12, but with absence of Salmonella sp.
The good practices adopted in the hygiene of vegetables 
minimally processed by agroindustries were not satisfactory 
to guarantee the absence of pathogenic microorganisms. 
However, a positive correlation was observed between 
the good practices adopted with lower contamination rate 
corresponding to better product reliability.
The results of the present study suggest that in the near 
future, new researches should investigate the source of 
contamination of the vegetables in the FD, so that programs 
and measures to control these sources of contamination can 
be prepared and implemented to reduce or eliminate sources 
of human infection by enteroparasites such as fungi, insects 
and mites from minimally processed vegetables.
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